We investigate the stellar atmospheres of the two components of the Herbig Ae SB2 system AK Sco to determine the elements present in the stars and their abundance. Equal stellar parameters T eff = 6500 K and log g = 4.5 were used for both stars. We studied HARPSpol spectra (resolution 110 000) that were previously used to state the presence of a weak magnetic field in the secondary. A composite synthetic spectrum was compared in the whole observed region λ λ 3900-6912Å with the observed spectrum. The abundances were derived mostly from unblended profiles, in spite of their sparsity, owing to the complexity of the system and to the not negligible v sin i of 18 km s −1 and 21 km s −1 adopted for the two components, respectively. The identified elements are those typical of stars with spectral type F 5 IV-V, except for Li i at 6707Å and He i at 5875.61Å, whose presence is related with the Herbig nature of the two stars. Furthermore, overabundances were determined in both stars for Y, Ba, and La. Zirconium is overabundant only in the primary, while sulfur is overabundant outside the adopted error limits only in the secondary. In contrast to previous results showing a high occurrence rate of λ Boo peculiarities or normal chemical composition among the Herbig Ae/Be stars, the abundance pattern of AK Sco is similar to that of only few other Herbig stars displaying weak Ap/Bp peculiarities. A few accretion diagnostic lines are discussed.
INTRODUCTION
The combination of knowledge about the magnetic field structure and the determination of the stellar chemical composition is very likely the key to constrain theories on star formation and magnetospheric accretion in intermediatemass Herbig Ae/Be stars. These stars are surrounded by active accretion disks and most of the excess emission present at various wavelengths can probably be ascribed to the interaction of the disk with a magnetically active star (e.g. Muzerolle et al. 2004) .
Magnetic Herbig Ae/Be stars are frequently considered as precursors of the magnetic Ap stars (e.g. Stepień & Landstreet 2002; Catala 2003) . However, in contrast to chemical peculiar magnetic Ap stars, for which the abundance anomalies are believed to be produced by mechanisms intrinsic to the stars themselves, such as radiatively AK Sco (HD 152404) is a double-lined spectroscopic binary system formed by two nearly identical Herbig Ae stars (F5 V spectral type) surrounded by a circumbinary disk. Furthermore, the gap between the stars and the disk is filled by some gas. The Herbig nature of AK Sco was first stated by Herbig & Kameswara Rao (1972) , who observed Hα emission with a deep reversal and Li i absorption at 6707Å in Coudé spectrograms. However, according to Andersen et al. (1989) , a follow-up observation with the ESO 1.5 m telescope on La Silla in 1986 did not reveal the presence of emission lines in the blue spectral region. On the other hand, this observation showed doubling of all photospheric spectroscopic lines, indicating that AK Sco is a spectroscopic binary with approximately equal components. Subsequent radialvelocity observations discovered that it is indeed a SB2 system with a short period (13.6 days) and large eccentricity (e = 0.47) (Andersen et al. 1989 ). Alencar et al. (2003) reconsidered the orbital parameters and the physical elements of the system finding a substantial agreement with the results of Andersen et al. (1989) . Furthermore, Alencar et al. (2003) inferred the pre-mainsequence (PMS) nature of the secondary from the presence of the strong Li i line at 6707Å in the spectrum. A characteristic of AK Sco is the light variability, which was shown to be related to a variable circumstellar obscuration (Andersen et al. 1989; Alencar et al. 2003 ) rather than to the orbital motion of the two components. Recent spectropolarimetric observations using HARPSpol spectra, performed at six different orbital phases (φ = 0.946, 0.950, 0.018, 0.025, 0.090, and 0.169), indicated the presence of a weak magnetic field of the order of 80 G in the secondary component at the phase 0.090 (Järvinen et al. 2018) . This discovery raised the question whether chemical peculiarities like those observed in the main sequence Ap stars can be observed also in AK Sco.
There are only few studies on the chemical composition of magnetic Herbig Ae/Be stars. Folsom et al. (2012) analyzed the abundances in a sample of 21 Herbig Ae/Be stars. Three of them are affected by the presence of a magnetic field. They found that the magnetic Herbig stars do not exhibit a chemical composition remarkably different from the normal stars. One of them (HD 101412) displays λ Boo chemical peculiarities, another (V 380 Ori A) shows weak Ap/Bp peculiarities, and the third one (HD 190073 ) was found to be normal. The chemical composition of HD 101412 and HD 190073 was also studied by Cowley et al. (2010) and Cowley & Hubrig (2012) , respectively. Their results roughly agree with those from Folsom et al. (2012) . In addition, Cowley, Castelli & Hubrig (2013) and Cowley, Hubrig & Przybilla (2014) analyzed the spectra of two other magnetic Herbig Ae stars, HD 104237 and PDS2. The presence of a magnetic field was dubious for PDS2, until Hubrig et al. (2015) definitively detected it.
Abundances for fourteen magnetic (including HD 104237) and non-magnetic Herbig Ae/Be stars were also presented by Acke & Waelkens (2004) . Both Cowley, Castelli & Hubrig (2013) and Acke & Waelkens (2004) demonstrated that the abundances of HD 104237 are slightly peculiar with enhanced elements Y, Zr, Ba, and La. The agreement between the results from the two studies concerning these elements is within 0.07 dex. In contrast, Figure 1 . Radial velocity curve from the orbital solution from Alencar et al. (2003) . The circles indicate the phases of our observations. Star A (black filled circles) has its minimum velocity at phase 0.00. the chemical composition of PDS2 was found to be similar to that of the λ Boo stars.
In this paper we use HARPSpol spectra covering the 3900-6912Å region to investigate the composite spectrum of AK Sco with the aim to increase the number of abundance analyses of magnetic Herbig Ae/Be stars.
OBSERVATIONS
We used the same HARPSpol spectropolarimetric observations of AK Sco and the same reduced spectra that are described in Järvinen et al. (2018) . Here we recall that the observations cover six orbital phases (0.946, 0.950, 0.018, 0.025, 0.090, 0.169) of the binary system. The covered orbital phases (calculated using the orbital solution from Alencar et al. (2003) are presented in Fig. 1 . While the observed wavelength interval is 3780−6912Å, with a small gap between 5259 and 5337Å, the region useful for the analysis starts at 3900Å because the noise is too strong at lower wavelengths. The resolving power is about 110 000.
In this work, the normalization to the continuum performed by Järvinen et al. (2018) was adjusted at intervals of 6Å by comparing observed and computed spectra. The continuum level was lowered from about 30% at 4000Å, to about 5% at 4600Å, to 0.05−0.25% for λ > 5000Å. In all the spectra, except for that at the phase 0.169, the spectral lines of both components are well separated. The variability was studied by using all six spectra observed at the different epochs.
STELLAR PARAMETERS AND SYNTHETIC SPECTRA
The abundances were derived from the spectrum observed at the phase φ = 0.090, i.e. from the spectrum for which the presence of a weak magnetic field was established (Järvinen et al. 2018) . Furthermore, at this phase the two stars are well separated with a radial velocity shift ∆v = 74 km s −1 (see Table 1 ). The double-line spectrum, the similar intensity of the lines from the two stars, and the rather high rotational velocities (18 km s −1 and 21 km s −1 , respectively) increase the number of blended profiles, so that it is very difficult to pick Table 1 . Observed phases, difference in radial velocity between the two components, the radial velocity of the primary, and the luminosity fraction (in %) observed from the secondary.
Date
Phase up lines that do not have any contamination with lines either from the same star or from the companion. Therefore, the whole analysis was performed with the synthetic spectrum method. Unblended lines are rare, so that the abundance for a given element was determined from the profiles of few single lines, when available. Then the abundance was checked on blended lines having the element as main or sometimes even minor component of the blend. The atomic and molecular line lists adopted to compute the synthetic spectra were produced by Castelli 1 , who assembled the line lists from the GFNEW directory (Kurucz 2018) , available at the Kurucz website 2 , with line lists taken from the literature for some ions missing in the Kurucz data. Furthermore, if needed, the log g f values in the Kurucz line lists were replaced by values either extracted from various literature sources or obtained by fitting the solar synthetic spectrum to the observed solar flux Atlas from Kurucz (2005a) . For numerous lines, Van der Waals broadening was computed according to the Anstee & O'Mara (1995) theory. The γ VdW and α parameters were taken from the Barklem, Piskunov & O'Mara (2000) tables.
We adopted for both stars T eff = 6500 K from Andersen et al. (1989) , who inferred this temperature on the basis of the F5 V spectral type. They used the T eff − spectral type calibration given by Bessell (1979) and by Popper (1980) . For this value of T eff , Alencar et al. (2003) determined the system parameters assuming nearly identical components, in particular M = 1.35±0.07 M ⊙ , R = 1.59±0.35 R ⊙ , and v sin i = 18.5 ± 1 km s −1 , provided that the stellar inclination is between 65 and 70 degrees. The gravity, deduced from the mass and radius given above, is log g = 4.16 ± 0.25.
In order to check the gravity obtained from mass and radius spectroscopically, we used the wings of the Mg i triplet at 5167.321, 5172.684, and especially 5183.604Å, because it does not show the slight redshift as the other two lines do. At first, we determined the Mg abundance log(N Mg /N tot ) = −4.55 for T eff = 6500 K and log g = 4.16 using the Mg ii line at 4481Å, which is almost independent of gravity. For this abundance and log g = 4.16 the computed wings of the Mg i triplet were too narrow. To improve the agreement between the observed and computed Mg i profiles we increased the gravity to log g = 4.5 (Fig. 2) . We note that when the line data were checked on the solar spectrum, we Figure 2 . Comparison of the Mg i profile at 5183.604Å observed in the composite spectrum at the phase 0.090 (black line) with two spectra computed with solar magnesium abundance, the same T eff = 6500 K, and two different log g = 4.16 (blue line) and 4.5 (red line). The red and black labels identify the lines observed in the primary and in the secondary, respectively. The wavelength scale corresponds to the laboratory wavelengths of the primary. The identification labels of the secondary have to be read on wavelength scale corresponding to the laboratory wavelengths of the secondary (i.e. 5184.604 for the secondary has to be read 5183.604).
decreased for the Mg i triplet the parameter log γ VdW from −7.27, as given by Barklem, Piskunov & O'Mara (2000) , to −7.37. Probably, a different solar model than that used by us would have given good agreement between observed and computed wings of the solar Mg i triplet for log γ VdW = −7.27. For the Sun, we adopted an ATLAS9 model with parameters T eff = 5777 K and log g = 4.4377, and turbulent velocity ξ = 1 km s −1 . This model was used because it is consistent with the ATLAS9 model adopted to analyze AK Sco.
An ATLAS9 model atmosphere with parameters T eff = 6500 K and log g = 4.5 from the updated Castelli & Kurucz (2004) 3 grid was used to compute synthetic spectra for both components by means of the SYNTHE code (Kurucz 2005b) . On the basis of the comparison of the observed and computed profiles, the microturbulent velocity was estimated to be ξ = 1 km s −1 and ξ = 2 km s −1 for the primary and the secondary, respectively. The rotational velocity v sin i was determined from the comparison of observed and computed profiles of numerous stellar features (e.g. Mg ii 4481Å). We adopted the values 18 km s −1 and 21 km s −1 for the primary and the secondary, respectively. Finally, the computed profiles were broadened for a Gaussian instrumental profile, corresponding to the resolving power 110 000 of the HARPSpol spectrum.
The composite spectrum was obtained with the BINARY code (Kurucz 1995) . As described by Cowley, Castelli & Hubrig (2013) , the spectra of the two components are shifted in respect to each other in accordance with the observed radial velocity difference. Then, they were weighted with the luminosity ratio and added together. The adopted luminosity ratio is 1.0, corresponding to a radii ratio equal to 1.0 (Gómez de Castro 2009). Because not only all the accretion diagnostic lines, but also photospheric lines show intensity variations over the observing nights (Järvinen et al. 2018) , we investigated whether the photospheric line variability may be caused by abundance changes. By comparing observed and computed spectra at different phases, we concluded that the variability of the photospheric lines should be mostly related to the presence of the circumbinary disk, which obscures the secondary component with dust clouds with different densities at different phases. We assumed "a priori" that there is no obscuration at the phase 0.090, so that we adopted as stellar abundances those derived at this phase. For the other phases, we determined for the secondary the fraction in percent of the observed luminosity to its total luminosity on the basis of the Li i profile at 6707Å. We assumed that the abundance of Li i in all phases is the same as that at the phase 0.090. Table 1 summarizes for the different phases the radial velocity difference for the two stars, the radial velocity of the primary as determined from the spectra, and the observed luminosity fraction (in %) of the secondary.
IDENTIFICATION AND ABUNDANCES
The whole available spectrum from 3900Å to 6900Å was synthetized and compared with the HARPSpol spectrum. In order to derive the abundances, we analyzed the profiles of the lines listed in the Appendix. The comparison of the observed spectrum with the spectrum computed with the final abundances listed in Table 2 is available from Castelli's webpage 4 . We identified in both stars:
Ce ii, and Nd ii. In addition, He i at 5876.61Å is observed according to the Herbig nature of the studied stars. We note that for a temperature of 6500 K, He i is not predicted, unless it is unreasonably overabundant. Predicted marginal contributions from CH and CN are not in conflict with the observations.
Most lines for all elements are well reproduced in the observed spectra by solar abundances for both components, except for Li , Sr , Y , Ba , and La . Zirconium is overabundant only in the primary. Sulfur is overabundant by 0.3 dex in the secondary, while we considered its overabundance of 0.2 dex in the primary as solar abundance within the error limits (see Table 2 ). The adopted solar abundance for neodymium is a lower limit, because we can not exclude some overabundance also for this element. While some lines are well fitted by solar abundances, some others are computed too weak. These discordant results can be related to the weakness and the blending of the Nd ii lines as well as with the adopted log g f values. The solar abundances listed in Col. 6 of Table 2 are from Asplund et al. (2009 ), Scott et al. (2015a , Scott et al. (2015b) , and Grevesse et al. (2015) . Some lines are affected by a variable additional absorption that has becomes recognizable due to a slightly redshifted wavelength or a too broad profile as compared with the computed one. In some cases, the observed core is flatter than that predicted by the synthetic spectrum. Abundances from these lines may differ from those derived from other lines of the same element.
The comparison between the observed spectra at all phases with the computed spectrum indicates that for all elements most lines are well fitted by the same adopted abundances. Therefore, the variability observed and discussed in previous works has to be ascribed to the relative position of the two components, to the circumbinary disk, to the presence of some gas between the disk and the components, rather than to abundance spots over the stellar surfaces.
The main uncertainty sources in the abundance determination are the location of the continuum level, the log g f values, and missing lines in the line lists. For weak and medium-strong lines a change in the continuum level by 10% results in an uncertainty of about 0.1 dex for the abundance. We assumed a total error of ±0.20 dex as the maximum error for the adopted abundances.
LINE PROFILES NOT WELL REPRODUCED BY THE LTE SYNTHETIC SPECTRUM
While large parts of the spectrum are well reproduced by the LTE synthetic spectrum using the abundances listed in Table 2 , there are some profiles which require more sophisticated models and methods to be explained in a satisfactory way. They are mostly features affected by magnetospheric activity, such as the Balmer profiles, He i 5875.61Å, and the Na i D lines, which were also discussed by Pogodin et al. (2012) . In addition, also the Ca ii K and H lines, the strongest lines of Mg i, and some lines of Fe i show signatures of stellar activity. The list of the not well reproduced line profiles is given below.
Balmer lines: Only Hα shows emission. It is present in all six phases. The profiles differ each from the other for both the emission and absorption contributions, and differ also from the profiles displayed by Alencar et al. (2003) , which were observed at phases (i.e. φ = 0.05, 0.17, 0.57, and 0.81) different from those we studied in this paper. The Hβ profiles are in absorption in all observed phases, although they display a strong variability. They are formed by a strong deep absorption core, not predicted by the model, and by an additional absorption, redshifted by a few Angstrom, which is observable in all phases, except for the phase at 0.169, where the observed and computed central wavelengths coincide. As a consequence, except for the phase at 0.169, the whole observed Hβ profile is redshifted and broader than that predicted by the model. The Hβ profiles discussed here are similar to those shown by Alencar et al. (2003) . The same behaviour can be observed also in the Hγ and Hδ profiles, although to a lesser extent than that observed for Hβ .
He i: The line of He i at 5875.61Å is well observable in both components as a weak variable absorption (Fig. 3) . It can not be predicted by the synthetic spectrum, whichever helium abundance is adopted. No other He i lines are present in the HARPSpol spectrum. Reiter et al. (2018) studied He i λ 10830 line profiles in a sample of Herbig Ae/Be stars and Table 2 . Abundances log(N elem /N tot ) of the identified elements in AK Sco. Solar abundances are from Asplund et al. (2009 ), Scott et al. (2015a , and Grevesse et al. (2015) . The values in round brackets in Cols. 2 and 4 denote the numbers of lines used in the spectral analysis of that ion. The values in square brackets in Cols. 3 and 5 denote the differences between the abundance found in AK Sco and the solar abundance. reported that in the near-IR spectrum of AK Sco this line appears partially in emission. Na i: The Na i doublet displays a composite structure. In the primary (Fig. 4) , the line observed at 5889.950Å is well predicted at the phases 0.946, 0.950, 0.018, and 0.025, while it is stronger than the computed one at the phases 0.090 and 0.169. The other line at 5895.920Å is well predicted at the phases 0.946 and 0.950, but it is computed too weak for all the other phases. In the secondary (Fig. 5 ), the Na i doublet is well reproduced only at the phase 0.946, while in all other phases the observed line is stronger than the computed one, especially at the phases 0.090 and 0.169. The profiles are affected by a blue-shifted strong broad component, probably due to the magnetospheric interaction with the accretion disk. Narrow interstellar Na i lines are also present in the spectrum in all the observed phases.
Mg i: In the primary, the line core is weaker than the computed one in almost all oberved lines (λ λ 4702.091, 5167.321, 5172.684, 5183.604, and 5228.405Å). Furthermore, the lines at 5167.321 and 5172.684Å are redshifted by 1.5 km s −1 , corresponding to ∆λ = 0.025Å. In the secondary, the Mg i profiles are well reproduced both in shape and position.
Al i: The resonance line at 3944.006Å is redshifted by 3 km s −1 , corresponding to ∆λ = 0.04Å.
Si i: The Si i line at 6237.319Å is variable. It is computed too strong in all phases.
Ca i: Only in the secondary, a few lines of Ca i are stronger than the predicted ones. Among them, the line at 4226.728Å is blended, those at 5590.114 and 6122.217Å display an observed core stronger that the computed one, while the line at 6717.081Å is either blended with an unknown component, or is affected by an additional redshifted absorption. This line is unshifted at the phase 0.090 and redshifted at the other phases. Ca ii: For both Ca ii K and H profiles the core is flat and weaker than the computed one with a different shape at different phases (Fig. 6 ).
Fe i: Several Fe i lines display an observed core weaker than the computed one. Examples are the strong lines of Fe i at 4920. 502, 4957.596, 4991.268, 5007.274, 5110.413, 5367.465, 5424 .067, and 5445.042Å. Other Fe i lines seem to be double, or both double and redshifted. For instance, for the primary, the observed core of the Fe i profiles at 5615.644Å is weaker than the computed one and is redshifted by 0.01Å at the phase 0.025.
Fe ii: The line at 5018.436Å is redshifted by about 0.05Å at the phase 0.025, but it is centered at the laboratory wavelength at the other phases. However, the observed profile is always stronger and broader than the predicted one.
DISCUSSION
Among the Herbig Ae stars, close spectroscopic binaries with orbital periods below 20 days are very rare (Duchêne 2015) . This might be the result of merger events early at the premain-sequence stage, in line with recent observations of magnetic Ap and Bp stars, suggested to be successors of the magnetic Herbig Ae/Be stars on the main-sequence. According to Ferrario et al. (2009) , at least one of the merging stars must be on the Henyey part of the pre-main-sequence track towards the end of its contraction to the main sequence. The merger outcome then becomes observable as a magnetic Herbig Ae/Be star. This implies that there should be almost no magnetic star in close Herbig Ae/Be and Ap/Bp binaries. Indeed, previous studies of main-sequence binary systems with A-and late B-type primaries detected only two systems, HD 98088 and HD 161701, with a magnetic Ap star as a component (Babcock 1958; Hubrig et al. 2014 ). Therefore, the combination of the determination of the chemical composition and studies of the magnetic field structure in close binary components plays an important role for understanding the mechanisms that can be responsible for the generation of magnetic fields. Figure 7 shows that the abundance patterns of the first (red crosses) and second (red boxes) components of AK Sco have the same trend, although they are not identical. In both stars, most of the elements have solar or nearly solar abundances. In addition to Li (not included in Fig. 7 . Because we estimate that the errors in the abundance determination are at least of the order of 0.2 dex, we prefer to consider the abundance differences from the two components lower than 0.2 dex as not conclusive.
In Fig. 7 we compare the abundances of the two components of AK Sco with the abundances of the two magnetic Herbig Ae stars HD 104237 (Cowley, Castelli & Hubrig 2013 ) and PDS2 (Cowley, Hubrig & Przybilla 2014) . While the abundance patterns of both components in the studied SB2 system, AK Sco A and AK Sco B, are similar to the abundance pattern of the primary in the SB2 system HD 104237 (open circles), in particular for elements heavier than strontium, they are rather different from the abundance pattern of the single Herbig star PDS2 (triangles), which follows the trend shown by the λ Boo stars.
In conclusion, although AK Sco B, HD 104237, and PDS2 are magnetic stars, they do not have a similar abundance behaviour: the first two stars display weak Ap/Bp peculiarities, as well as AK Sco A does, although no magnetic field was detected up to now for it. In contrast, PDS2 is characterized by λ Boo chemical peculiarities. The two different kinds of abundance patterns (Ap/Bp and λ Boo) do not seem to be dependent on temperature, since PDS2 and AK Sco have the same T eff = 6500 K. 
APPENDIX A: THE LINES ANALYZED IN THE SPECTRUM OF AK SCO
In Table A1 , the lines analysed in the spectrum of AK Sco for abundance purposes are listed. Successive columns display wavelength, log g f value, the source for the log g f value, the lower excitation potential in cm −1 , the abundance from the primary (Star A), remarks about the given line in the primary, the abundance from the secondary (Star B), and remarks about the given line in the secondary. If the abundance was very uncertain, owing to blends or other causes, no abundance is indicated. For each examined ion the line at the top gives the average abundance for the ion under consideration and the solar abundance. If the element is present in two ionization states and different abundances from the two ions were derived, a line after the entries for the two ions gives the average abundance obtained from all lines of that element. This is the case for Si i, Si ii, Ti i, Ti ii, Cr i, Cr ii, Fe i, Fe ii, Sr i, and Sr ii. Table A1 : ( a ) The index "h" added after the wavelength value indicates that hyperfine structure was considered for that line. Table A1 . Abundances for the two components of AK Sco from the ATLAS9 model with parameters T eff = 6500 K, log g = 4.5, v turb = 1.0 and 2.0 km s −1 for the primary and the secondary, respectively. 
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